Abstract. Targeted immunotherapy of high-grade cervical intra-epithelial neoplasia (CIN) has been developed as an alternative to conization, to preserve future reproductive outcomes and avoid human papillomavirus (HPV) persistence. The objectives of the review are to present drugs according to their process of development and to examine their potential future use. A search for key words associated with CIN and targeted immunotherapy was carried out in the Cochrane library, Pubmed, Embase, and ClinicalTrials.gov from 1990 to 2016. Publications (randomized, prospective and retrospective studies) in any language were eligible for inclusion, as well as ongoing trials registered on the ClinicalTrials.gov website. Targeted immunotherapy includes peptide/protein-based vaccines, nucleic acid-based vaccines (DNA), and live vector-based vaccines (bacterial or viral). A total of 18 vaccines were identified for treatment of CIN at various stages of development, and the majority were well-tolerated. Adverse effects were primarily injection site reactions and flu-like symptoms under grade 2. The efficacy of vaccines defined by regression of CIN2/3 to no CIN or CIN1 ranged from 17 to 59% following a minimum of a 12-week follow-up. In the majority of studies, there was no association demonstrated between histological response and HPV clearance, or between histological or virological response and immune T cell response. Given that the spontaneous regression of CIN2/3 is 20-25% at 6 months, targeted immunotherapy occurs an additional value, which never reaches 50%, with one trial an exception to this. However, research and development on HPV eradication drugs needs to be encouraged, due to HPV-associated disease burden.
Introduction
High-grade cervical intra-epithelial neoplasia (CIN 2/3) is known to be attributable to persistent infection with high-risk human papillomavirus (HR-HPV). The standard treatment consists in ablation or excision, HPV infection leads to raised frequency of conization once CIN 2/3 have been identified. However, obstetrical complications and recurrence may occur after conization: The relative risk of premature delivery, premature rupture of membranes, and intra-uterine growth retardation ranged from to 1.5 to 2.7 after cold knife and loop excision (1, 2) . In a population-based cohort study in Norway which mixed data on conization and pregnancy outcomes, the rate of premature delivery increased from 7% in women giving birth before conization to 17% in women giving birth after conization (3) . The relative risks of late abortion <24 weeks and premature delivery between 24 and 27 weeks were 4.0 and 4.4, respectively (3) .
Conization treats the lesion, but does not systematically treat the infection and patients may relapse. In a study of 610 women followed up after conization, 37% were still positive for HR-HPV at 5 months. The average cumulative rate of recurrent high-grade lesions was 7%. The risk of recurrence was higher for HPV16 (37%) than for other HR-HPV (11%) and for low-risk (LR)-HPV (1.5%) (4) .
Prophylactic vaccines do not cover the population globally and have no therapeutic effect. In a randomized trial including HR-HPV positive women at entry, vaccinated either with a bivalent vaccine Cervarix ® or control, the viral clearance did not significantly differ at 12 months (49 vs. 50%) between the two groups (5). Quadrivalent vaccine Gardasil ® was also not effective to prevent CIN2/3 in women HPV positive by PCR (6) .
Targeted immunotherapy of high-grade cervical intra-epithelial neoplasia: Expectations from clinical trials (Review)
Non-surgical treatment may be a useful option for women to preserve future reproductive outcome and avoid HPV persistence.
Targeted immunotherapy is one of these options. Research into and development of targeted immunotherapy is active, challenging and ongoing. A number of reviews have been published on this topic recently (7) (8) (9) . Main study reports were missing in one review, whereas others mixed phase 1 and 2 studies, including both invasive cervical cancer and CIN2/3. The objectives of this review are to present the products according to their development process, to describe phase 2/3 study results exclusively on high-grade CIN and to question the future of targeted immunotherapy.
HPV biology
HPVs are non-enveloped, double-stranded, circular deoxyribonucleic acid (DNA) viruses belonging to the Papovaviridae family. Their genome encodes six 'early' proteins (E1, E2, E4, E5, E6 and E7) and two 'late' proteins (L1 and L2). The former proteins co-operate with cellular gene products to enable viral DNA replication, whereas the latter proteins make up the structural components of the viral capsid associated with the packaging of new virions. HPV DNA normally replicates in episomal form. It may be incorporated into host DNA, and this frequently leads to the deletion of a number of viral genes, including several early (E2, E4 and E5) and late (L1 and L2) genes. E6 and E7 are thus the main proteins expressed in the infected cells. Since E2 is a transcriptional repressor of E6 and E7, loss of E2 brings about upregulation of the E6 and E7 genes. The E6 and E7 proteins interact with vital cell cycle regulatory proteins, the p53 and retinoblastoma proteins respectively. The uncontrolled expression of E6 and E7 proteins brings about the disruption of cell cycle regulation and genomic instability, and thus participates in the progression of HPV related oncogenesis (10).
Concept and types of targeted immunotherapy
Two different stages of the oncogenic infection process are targeted by vaccine-mediated immune strategies: Initial and established infection. To prevent initial infection, the prophylactic vaccines induce neutralizing antibody responses against L1 late protein inhibiting HPV from binding and entering the cell. Since these vaccines are currently used in clinical practice, they will not be examined in this review (5, 6) . Targeted immunotherapy aims to eliminate or diminish infected cells by priming cytotoxic T cells against infected cells and upregulating major histocompatibility (MHC) Class I expression. The design of these vaccines is predicated on the presence of episomal replicating virus or integrated viral sequences. Immunotherapy mainly targets E6 and E7 proteins since infected basal epithelial cells and cervical cancer cells do not strongly express L1 and/or L2 capsid antigens (11) . Furthermore, as HPV-16 along with CIN2/3 is responsible for around half of all invasive cancer globally most clinical studies have concentrated on E6 and E7 proteins of this genotype (12, 13) . The types of targeted immunotherapy of CIN2/3, according to the various formulations reported in the literature and/or registered on the ClinicalTrials.gov website are shown in 
Peptide/protein-based vaccines
Peptide-based vaccines. Peptides derived from HPV antigens may be administered directly to vaccinate against HPV. Dendritic cells take up HPV antigenic proteins which are presented to human leukocyte antigen (HLA) molecules along with the MHC class I and/or class II pathways to stimulate an immune response against the pathogen. The polymorphic character of HLA molecules necessitates the identification of specific immunogenic epitopes of HPV antigens before developing the vaccine. Adjuvants such as chemokines, cytokines and costimulatory molecules must be used to improve vaccine potency (16) .
Phase I/II human clinical trials, have shown that peptide vaccines are safe and well-tolerated in patients with advanced cervical cancer. Detection of T helper responses and inconstantly HPV-specific cytotoxic T lymphocyte responses, and cytokine production have been observed (14, (17) (18) (19) . However, no response in terms of tumor control was reported.
In a phase I study, 18 women with CIN2/3 related to HPV16 were vaccinated with HPV-16 E7 peptides developed using amino acids 12-20 +/-86-93 encoded by the E7 gene by Peninsula Labs, Inc (Belmont, CA). Subcutaneous administration of the vaccine took place 4 times at 3-week intervals at escalating doses (100 to 2,000 µg per dose). Conization was performed at 12 weeks. Complete clinical and histological regression (no CIN) was observed in 3 patients (17%) whereas the response was partial in 6 patients (33%). HPV-16 DNA cleared on smears in 12 patients (67%). However, a HPV-16 RNA signal remained positive in all tissue specimens. An E7-specific cytokine release was observed in 10 patients (62%), but immune response was not correlated with regression of the lesion (20) .
The peptide-based vaccine developed by the Leiden University Medical Center in the Netherlands has been studied the most since good efficacy and tolerance have been reported in patients with vulvar intra-epithelial neoplasia (21) . This vaccine contains 9 HPV-16 E6 and 4 HPV-16 E7 synthetic peptides of 25-35 amino acids along with an overlap of 10-14 amino acids, in an emulsion with incomplete Freund's adjuvant (Montanide ISA-51, Seppic). In a randomized trial including 9 patients with high grade CIN and HPV-16, the vaccine was administered twice subcutaneously at 3-week intervals (300 µg per peptide) (22) . A conization was performed at 7 weeks. The main side effects observed were flu-like symptoms and reactions at injection sites. In all patients, a marked HPV-specific IFNy-associated T-cell response was observed using ELISPOT. However, no HPV clearance was detected at the time of conization and it was too early to assess the histological impact of the vaccine. Inclusion rates were affected by motivational problems leading to the postponement of treatment of CIN2/3 and caused the study to be abandoned prematurely. For this reason, the same investigators conducted a randomized trial in 51 patients with low-grade premalignant disorders (LSIL or persistent HPV infection) related to at least one HR-HPV (33% HPV-16) with a two-year follow-up (23) . The design was complex with a double subsequent randomization (vaccine vs. placebo) at inclusion and after one year. Adverse effects did not exceed grade 2 and were mainly flu-like symptoms (26%). HPV-specific memory T-cell responses were detected at one year after vaccination and reactivity was maintained for at least 2 years. Among 37 patients vaccinated, the rates of cytological regression, persistence and progression were 51, 43 and 3% respectively at one year. The corresponding rates were 78, 22 and 0% respectively in the placebo group (n=9).
HPV-16 cleared in 3/8 vaccinated patients and in 1/2 placebo patients. Thus, no significant difference was observed between both groups.
Protein-based vaccines. Protein-based vaccines pose no safety risk and are as easy to produce as peptide vaccines. In addition, they carry all possible antigen HLA epitopes and thus do not require the identification of patient HLA types. Protein-based vaccines tend to induce better antibody responses than cytotoxic T cell responses (16) . They also suffer from low immunogenicity, which means that adjuvant and fusion protein strategies are required to improve vaccine effectiveness (24,25). A fusion protein PD-E7 is made up of a mutated HPV-16 E7 associated with the first 108 amino acids of Haemophilus influenzae protein D, formulated in the GlaxoSmithKline Biologicals adjuvant AS02B (26) . In a phase I/II clinical trial, the vaccine was given to 9 patients (7 CIN3 and 2 CIN1, HPV-16 related), 3 intramuscular injections every 2-weeks. Conization was performed 8 weeks after vaccination in patients with CIN3. Patients exhibited significant E7-specific cytotoxic T lymphocytes (CTL) responses. Following vaccination, no viral clearance or lesion regression was detected in CIN3 patients. This could be due to the fact that histological assessment took place early and the induction of only low-level immunization (27) .
A phase I study tested a vaccine containing an HPV-16 E6/E7 fusion protein in association with the ISCOMATRIX adjuvant. The vaccine was administered subcutaneously 3 times every 3 weeks at escalating doses (20 to 200 µg per dose) in 23 patients with CIN2/3. HPV16 was positive at inclusion in 65% of patients. A biopsy was carried out 2 weeks after the last injection. Immunization was shown to be safe and resulted in a humoral response with E6E7 specific IgG antibody and enhanced CD8 + T cell responses to both E6 and E7 antigens. All patients exhibited a reduction in HPV16 viral load on biopsy. No correlation between virological response and immunity was found. As the length of follow-up was very short, only 1 patient (4%) had a histological response (no CIN) (28) .
SGN-00101 vaccine (Stressgen, Nventa) is a fusion protein consisting of heat shock protein (Hsp) from Mycobacterium bovis and HPV 16 E7, administered subcutaneously (500 µg per dose) following two different protocols.
In the first study, 21 patients with CIN2/3 (18 CIN3), 24% being positive for HPV16, received 4 injections 3 weeks apart and conization was performed at 15 weeks (29) . Among the 20 patients assessed, the clinical and histological response was complete (no CIN or CIN1) in 8 patients (40%). In eleven patients (55%) the disease was stable and in one, the cancer progressed due to the extension of the lesion. No difference in response was found according to HPV type. A specific cell immune response assessed by ELISPOT was found in 9 of 17 patients (53%). Among the 8 patients with complete response, 5 exhibited specific cell immunity suggesting a good correlation between efficacy and immunity. However, HPV clearance was associated with neither clinical nor immune response as only one of 19 patients (5%) cleared HPV after follow-up.
In the second study, 58 patients with CIN3, 57% being positive for HPV16, received 3 injections 4 weeks apart and conization was performed at 6 months (30). The clinical and histological response was complete (no CIN or CIN1) in 13 patients (23%) and partial (reduction in lesion size by colposcopy >50%) in 32 patients (55%). Eleven patients (19%) had stable disease and 2 had microinvasive carcinoma. Serum IgG levels against HPV-16 E7 were found to have modestly increased after vaccination and tended to be correlated with a positive therapeutic effect (31) . More complete responses, as well as significant higher HPV-16 E7 IgG levels, were observed in patients with recurring disease compared to patients who had never undergone conization. No difference in response was found according to HPV type.
In a third study (NCT00054041), patients with CIN3 received 3 subcutaneous injections of SGN-00101 4 weeks apart and had large loop excision of the transformation zone under colposcopy at week 15. The study aimed to determine the efficacy of SGN-00101, with regard to complete histologic regression. The study was completed in January 2013, but no results were available in 2017.
TVGV-1 is composed of lyophilized PEK fusion protein (PE-E7-KDEL3 fusion protein made with HPV-16 E7 peptide) and GPI-0100. GPI-0100 is a semi-synthetic triterpene glycoside, originating in natural saponins, acting as an adjuvant for vaccines to improve the immunogenicity of proteins. A phase 2a double-blind, randomized, parallel group, dose-ranging study (NCT02576561) was conducted in 2015. The objective was to evaluate the safety and efficacy of three doses of TVGV-1 vaccine in comparison with its adjuvant, GPI-0100, in patients with histologically confirmed HPV-induced cervical CIN2/3. The outcome was the absence of CIN2/3 assessed by conization at 9 months. This study is currently recruiting participants.
DNA-based vaccines
DNA vaccines are safe, stable, and reasonably easy to produce. They do not elicit neutralizing antibody production, and any given patient can receive it over and over again. Genomic instability could theoretically be caused by DNA integrating the host genome, but no evidence of DNA integration in human tissues has been shown. DNA vaccines are made of E6 and/or E7 DNA and are not highly immunogenic since DNA is not naturally able to amplify or disperse from transfected cells to surrounding cells in vivo (16) .
Among several DNA vaccines investigated in clinical trials, ZYC-101 appears to be the most advanced studied. ZYC-101 (ZYCOS, Inc., currently owned by MGI Pharma) is a microencapsulated DNA vaccine encoding multiple HLA-A2-restricted E7-derived epitopes. In a preliminary study including 15 women with CIN2/3, 5 had complete histological responses and 11 showed HPV specific T-cell responses (32) . ZYC-101a, also called amolimogen, is the evolution of ZYC-101, encoding HPV-16 and HPV-18 E6-and E7-derived epitopes. The vaccine was administered by intra-muscular route 3 times every 3 weeks at two doses (100 or 200 µg) in a randomized trial to compare the efficacy of the vaccine (n=86) vs. placebo (n=41) (33) .
All patients had CIN2/3 and 56% were positive for HPV-16 or HPV-18. A conization was performed at 6 months. A histological response (no CIN or CIN1) was observed in 37 vaccinated patients (43%) and 11 controls (27%). In the subgroup of patients aged under 25 (n=43), the histological response was significantly higher (70%) after immunotherapy than in the control group (23%). Neither the dose of vaccine nor the HPV genotype influenced results. The vaccine was well tolerated. No virological or immune data were available for this study.
This vaccine reached phase 3 and a multicenter, double-blind, randomized, placebo-controlled study was carried out in 2005 (NCT00264732). Inclusion criteria were women between the ages of 13 and 25 with a CIN 2/3 identified by a colposcopically directed punch biopsy and a colposcopi-cally visible lesion that does not involve more than 75% of the cervix. The efficacy of ZYC 101a was assessed by colposcopy and biopsy, 6 months after the vaccination. However, no results were available in 2017, suggesting abandonment of the publication process.
VGX-3100, a DNA vaccine containing plasmids targeting HPV 16 and 18 E6 and E7 proteins was used in clinical trials employing electroporation technology which consists in administering the vaccine through an intramuscular injection then electroporation with several devices delivering a small electrical charge. In a phase 1 clinical trial, T cell and antibody responses were observed in 78% of patients vaccinated using VGX-3100 (34) .
In a phase 2 multicenter clinical trial, 167 patients with CIN2/3 were randomized (3:1) to receive 6 mg VGX-3100 or placebo at 0, 4, and 12 weeks. Regression to CIN1 or normal pathology 36 weeks after the first dose constituted the primary efficacy endpoint. Fifty-three (49.5%) of 107 VGX-3100 recipients and 11 (30.6%) of 36 placebo recipients were found to have histopathological regression (P=0.034) in the per-protocol analysis. Similar significant difference was observed in the modified intention-to-treat analysis. Reactions at the injection site were observed in the majority of women, however in the VGX-3100 group erythema was the sole significantly more frequent side-effect (78.4%) compared to the placebo group (57.1%), (P=0.007) (35) .
In a pilot study, patients with HPV-16 CIN2/3 received a DNA vaccine pnGVL4a-CRT/E7 (Detox) via different administration routes: Intradermally, intramuscularly, or intralesionally (36) . Thirty-two patients were enrolled and toxicity and immunogenicity were evaluated at 2 years. In 8 out of 27 (30%) women who were given all vaccinations and underwent conization, histologic regression to CIN 1 or less was observed. Twenty-two out of 32 patients (69%) experienced adverse events (grade 1 or less in severity) specifically related to the vaccine. In subject-matched comparisons, there was an increase in intraepithelial CD8 + T cell infiltrates following vaccination in patients belonging to the intralesional administration cohort.
Sig/E7 (Detox)/Hsp70 is a DNA vaccine encoding an endoplasmic reticulum signal sequence (Sig), associated with an attenuated form of HPV 16 E7 fused to Hsp70. The vaccine was administered by intramuscular route 3 times, 4 weeks apart at escalating doses (0.5 to 3 mg per dose) in 15 patients with CIN2/3 all HPV16 positive (37) . A conization was performed at 15 weeks. A histological response (no CIN) was observed in 0/6 patients at low dose and in 3/9 patients (33%) at high dose. E6E7 specific IgG antibodies were found in 13 to 20% of patients at entry, but were not boosted after vaccination. Cell mediated immunity was variable after vaccination. No correlation with histological response was observed. Adjuvating treatments like TLR7 agonist, imiquimod, were tested in association with the vaccine to increase its immunogenicity. The efficacy and safety of Sig/E7 (Detox)/Hsp70 administered with topical imiquimod were assessed in a phase 1 clinical trial (NCT00788164).
Results were not available in 2017.
A Korean open-label, dose-escalation, single-center, phase 1 study examined how safe GX-188E, a DNA-based therapeutic vaccine, administered via electroporation in subjects with HPV-16 or HPV-18-associated CIN3 (NCT01634503) was. Each patient was given an intramuscular 1, 2 or 4 mg injection of GX-188E by electroporation 3 times every 4 weeks. The results were assessed 24 weeks after the third injection. The study was completed in 2014, but no results were available in 2017. A multi-center randomized, double-blind, placebo-controlled, phase 2 clinical trial evaluated the safety and efficacy of GX-188E at a dose of 1 mg by electroporation 3 times every 4 weeks (NCT02596243). The outcome measures were the rate of histopathological regression of cervical lesions to CIN1 or less and the clearance of HPV 16 or 18 at 36 weeks. This study is scheduled to end in 2018.
A phase 1-2 prospective multi-center study in Germany evaluated the safety, the immunogenicity, and the efficacy of VB10 in 16 patients with HPV16 related CIN2/3 lesions (NCT02529930). The vaccine was administered intramuscularly every 3 weeks 3 times apart. This study is still recruiting participants in 2017.
Live-vector-based vaccines
Live-vector-based vaccines classically include viral vectors (adenovirus, vaccinia virus) and bacterial vectors (listeria, lactobacillus). Like protein-based vaccines, these vaccines deliver the antigen to dendritic cells, thus expressing HPV E6 and/or E7 in order to treat HPV-associated malignancies. Live-vector-based vaccines exhibit strong immunogenicity due to their ability to replicate inside host cells and facilitate the spread of antigen inside cells. However, the production of neutralizing antibodies in the host during vaccination could diminish the efficacy of repeat immunizations. Using live vectors may also be associated with a risk of toxicity (16) .
Natural viral vectors.
Among viral vectors, the vaccinia virus is the most highly developed because of its high efficiency of antigen-specific immunotherapy. The other vectors tested, such as the Semliki Forest virus encoding E7, have been shown to induce strong immune responses in mice, but failed to demonstrate any clinical responses, possibly because of the immune tolerance of HPV-infected cells (38, 39) .
TA-HPV, a recombinant vaccinia vector encoding an HPV-16/18 E6/E7 fusion protein was assessed in Phase 1/2 clinical trials. It was well tolerated and induced T-cell-mediated immune responses in women with cervical cancer although no trials have been set up for women with CIN (40, 41) .
The modified vaccine of Ankara (MVA) has been developed as a recombinant vaccinia vector carrying nucleotidic sequences encoding either bovine papillomavirus E2 protein (MVA-E2), or HPV-16 E6 and E7 proteins (MVA-E6-E7).
After cervical injection of MVA E2 (Lemery, Mexico), patients produced antibodies against the MVA-E2 vaccine and developed a specific cytotoxic T lymphocyte (CTL) response against HPV-transformed cells (42) .
The originality of the MVA E2 recombinant vaccinia virus is that it activates the immune system against E2 antigen, which has an important part to play by increasing the expression of E6 and E7. However, these studies did not demonstrate that MVA E2 induced an E2-specific immune response. Moreover, the agent does not focus exclusively on HPV16, as containing bovine papillomavirus. The vaccine was administered by the intra-cervical route 6 times, 1 week a part. Thirty-four patients with CIN3, all related to HPV 16 or 18, were treated and assessed by conization at 12 weeks (43). The clinical response was complete (no more lesion) in 19 patients (56%) and partial (reduction in lesion size by colposcopy >50%) in 11 patients (32%). A histological response (no CIN or CIN1) was obtained in 20 patients (59%). All patients had a humoral and cell mediated immunity as shown by MVA E2 IgG antibodies and specific cytotoxic T lymphocytes. HPV cleared in 12 patients (35%) and the viral load was reduced by 95% in 5 patients (15%). Histology was well correlated with virology, as 15 of 20 CIN1-had a viral load reduced by 95 to 100%.
MVA-E6-E7 (Transgene, France) is administered subcutaneously 3 times, 1 week apart. In a phase 2 study including 21 patients with CIN2/3, all positive for HPV-16, the efficacy of vaccination was assessed by colposcopy, cytology, and virology at 6 months (44). Conization was performed if any anomalies or discordances were found. Follow-up extended to 12 months. A complete clinical and/or histological response (no CIN or CIN1) was observed in 10 patients (48%). HPV16 cleared on smears in 9 patients (43%). Histology was well correlated with virology, as 7 of 10 patients with no CIN or CIN1 cleared HPV16 mRNA. No recurrence of CIN2/3 was seen at 1 year. Following treatment with TG4001, no patient developed or enhanced an IgG antibody response to E6 or E7. Cell immune data was not available in this study.
A multi-center randomized, double-blind, placebo-controlled, phase 2b clinical trial was conducted to assess the efficacy and the safety of MVA-E6-E7 in 206 patients with HPV-related CIN 2/3 (45). The vaccine's safety profile is just as good as in former trials. Histological resolution (no CIN) at 6 months was significantly higher in vaccinated patients 11/55 (20%) than in controls 1/27 (4%) (P=0.049) in HPV-16 mono-infected patients, as well as in patients infected by all HPV genotypes, 32/129 (25%) vs. 6/63 (10%) respectively (P=0.013). The viral clearance was significantly higher in vaccinated patients 20/52 (38%) than controls 2/23 (9%) (P=0.009) in HPV-16 mono-infected patients, as well as in patients infected by all HPV genotypes, 45/121 (37%) vs. 8/58 patients (14%), (P=0.001). However, the trial did not meet its primary endpoint of 60% resolution at six-months of CIN 2/3 in the HPV-16 mono-infected population. Therefore, Transgene did not further develop TG4001 for this indication.
Synthetic viral vectors. Chimeric virus-like particles (CVLP)
can be produced using the same technology as for HPV prophylactic vaccines since they are easy to manufacture, able to compact DNA, and target specific cell receptors. HPV-16 L1-E7 CVLP consists of a carboxy-terminally truncated HPV16 L1 protein fused to the amino-terminal part of the HPV-16 E7 protein and self-assembled by recombinant expression of the fusion protein (MediGene). HPV16 L1-E7 CVLP has been shown to induce E7-specific cellular immunity in mice (46) . A randomized, double-blind, placebo-controlled clinical trial has been conducted in HPV-16 related CIN 2/3 patients. CVLP was administered subcutaneously 4 times over 12 weeks at two doses (75 or 250 µg) in 23 patients with CIN2/3, while 12 patients received placebo (47) . All were assessed by colposcopy and biopsy at 7 months. A histological response (no CIN or CIN1) was observed in 9 vaccinated patients (39%) and 3 controls (25%). HPV16 cleared on biopsy in 6/16 vaccinated patients (37%) and 1/7 controls (14%). Histology was well correlated with virology, as 85% of patients responding to immunotherapy (no CIN or CIN1) cleared HPV16 DNA. HPV16 E7 antibodies negative at baseline were positive in 10 vaccinated patients (42%). An E7 specific T cell response was observed in 22% of vaccinated patients, but was not correlated with histological response. Antibodies with high titers against HPV 16 L1 and low titers against HPV 16 E7 were induced.
Bacterial vectors. Listeria-based vaccines have been shown to be able to produce CD8 + and CD4 + immune responses as well as inducing tumor-regression in animal models (48) . Lm-LLO-E7, also called ADXS11-001 or Lovaxin C (Advaxis, Princeton, NJ, USA) consists in a live attenuated Listeria monocytogenes vector secreting HPV-16 E7 fused to listerioly-sin 0. This vaccine was safe in phase 1 trials and induced immunological responses in patients with advanced cervical cancer (49) . An American randomized, single-blind, placebo controlled phase 2 study was conducted to evaluate the safety and efficacy of Lovaxin C for CIN2/3 therapy. The vaccine was administered intravenously at escalating doses twice, 4 weeks a part (NCT01116245). No results are available as the study was stopped prematurely due to lack of enrollment.
An attenuated Lactobacillus casei expressing modified full-length HPV16 E7 protein was evaluated in 10 patients with HPV16-associated CIN3. The vaccine was administered orally. After 9 weeks of therapy, the lesion downgraded to CIN2 in 70% of patients. E7 cell-mediated immune responses in cervical lymphocytes were directly correlated to the pathological downgrade. E7-specific mucosal immunity in cervical lesions in the uterus were elicited by the vaccine (50).
Conclusion
The present review has identified eighteen vaccines for treating CIN at various stages of development, and primarily described phase 2/3 studies. Most of them were well tolerated. Adverse reactions were principally injection site reactions and flu-like symptoms less than grade 2.
Most of the vaccines investigated were demonstrated to bring about E6 or E7 specific T cell response, but did not show a correlation linking histological or virological response and immune T cell responses.
The efficacy of vaccines defined by regression of CIN2/3 to no CIN or CIN1 ranged from 17 to 59% after a minimum of a twelve-week follow-up (Fig. 1 ). An additional value is occurred by some of the vaccines, as the expected spontaneous regression rate of CIN2/3 provided by randomized studies (placebo arm) is 10-30% (33, 35, 45) .
However, the definitions of inclusion criteria (both CIN2 and CIN3) and of pathological response (no CIN or CIN1) commonly used in clinical reports remain debatable. The diagnosis of CIN2 is subjective in that it depends on the colposcopy which guides the biopsy and on the variability of the pathological examination. Although CIN2 and CIN3 are included in the same high grade lesion group, CIN2 is known to be a heterogeneous entity including both real CIN3 and also condylomatous lesion or CIN1 (51) . It is for this reason that the reproducibility of the diagnosis is low for CIN2. To avoid any possible confusion, some published studies and on-going clinical trials include only true CIN3 (29,30,50) ; others considering that no CIN was the only response criterion (20, 28, 37, 45) .
Colposcopy also has inherent limitations and may lead to the misdiagnose some CIN2/3. The sensitivity of colposcopy is classically over 65%, and may exceed 80% in countries where cervical cancer programs are available (52) . However, specificity is lower as colposcopy also detects more clinically insignificant low grade lesions (53) .
Some clinical trials have assessed viral regression and clinical response after immunotherapy, but the results are controversial. Only 3 studies showed a correlation between histological and virological response (43, 44, 47) . Two studies demonstrated a high proportion of HPV clearance, while the pathological response rate was low (20, 28) . One study failed to demonstrate viral clearance when lesions were cured (29) .
None of the clinical trials reported in this paper suggest the production and marketing of targeted immunotherapy against CIN2/3 in the near future. However, as long as immunotherapies can demonstrate efficacy over observation with no major side effects, research and development of this concept should be encouraged. Indeed, HPV related diseases are dramatically increasing, especially in young women where current US guidelines no longer recommend surgical conization for women aged 21-24 with CIN2 (54). In addition, prophylactic vaccines are not covering the population worldwide, either because the license is not available or the coverage remains low, as in France where vaccination is individual and not organized (55) . Alternatives to conization are necessary in order to preserve reproductive outcome, avoid HPV persistence and facilitate colposcopic surveillance. Unfortunately some vaccines are no longer being investigated for this indication, whereas other have regressed to phase 1/2 due to the addition of new adjuvants to increase immunogenicity and hopefully efficacy.
